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Des ription 

BACKGROUND OF THE INVENTION 

This invention relates to another improvement in a 
series of inventions developed by the present inventors 
relating to printed circuit antennas having their elements 
capacitively coupled to each other, and in particular, two 
antennas wherein the feed to the radiating elements is 
coupled capacitively, rather than directly. The first in this 
series of inventions, invented by one of the present in- 
ventors, resulted in U.S. Patent No. 4,761,654. An im- 
provement to the antenna disclosed in that patent is de- 
scribed in EP-A2-0 271 458. 

The antenna described in the foregoing U.S. patent 
and European patent application permitted either linear 
or circular polarization to be achieved with a single 
feedline to the radiating elements. The antennas dis- 
closed included a single array of radiating elements, and 
a single array of feedlines. One of the improvements 
which the inventors developed was to provide a struc- 
ture whereby two layers of feedlines, and two layers of 
radiating elements could be provided in a single anten- 
na, enabling orthogonally polarized signals to be gener- 
ated, without interference between the two arrays, the 
later published U.S. Patent No. 4,929,959 describes 
such a structure. 

Having developed the dual-band orthogonally po- 
larized antenna, various experiments have been con- 
ducted with different shapes of radiating elements, and 
antenna configurations. EP-A2-0 342 175 and corre- 
sponding later published U.S. Patent No. 4,926,189 dis- 
close such an array employing gridded antenna ele- 
ments. 

The work on dual polarized printed antennas result- 
ed in the provision of an array which could operate in 
two senses of polarization, a lower array of the antenna 
being able basically to "see through" the upper array 
The improvement represented by the present invention 
is to extend that concept. 

It is known from GB-A-2219143 and EP- 
A2-0342175 (U.S. Patent 4.926,189) to provide a five- 
layer printed circuit antenna structure, each higher layer 
being capacitively coupled to a preceding layer, to yield 
an antenna capable of radiating at two different senses 
of polarization. Further, it is known from US-A-4,450,449 
and US-A-4,605,932 to provide a multiple-antenna 
structure which operates at different frequencies, but 
whose elements are not capacitively coupled to each 
other. The gain characteristics of the antenna structures 
disclosed in the last-mentioned U.S. patents are not 
specified. 

SUMMARY OF THE INVENTION 

In vi w of the foregoing, it is one object of the 
present invention to provid a high-performance, light 
weight, low-cost dual-band planar array. The inventors 



have determined that employing certain types of anten- 
na elements for the upper and lower arrays enables op- 
eration at two different, distinct frequency bands from a 
single radiating array structure. 
5 According. to the present invention a dual polarized 
printed circuit antenna comprising a ground plane, a first 
power divider array disposed over and capacitively cou- 
pled to said ground plane, a first array of radiating ele- 
ments disposed over and capacitively coupled to said 
io first power divider array, a second power divider array 
disposed over and capacitively coupled to said first ar- 
ray of radiating elements , and a second array of radi- 
ating elements disposed over and capacitively coupled 
to said second power divider array, 
characterized In that said first array of radiating ele- 
ments comprises an array of radiating elements having 
a first size and being so configured as to operate within 
a first frequency band, and said second array of radiat- 
ing elements comprises an array of radiating elements 
having a second size that is larger than said first size 
and being so configured as to operate within a second 
frequency band that is at least 1 GHz lower than said 
first frequency band, and wherein said second array of 
radiating elements have a gain that is at least 3.0 dB 
less than a gain of said first array of radiating elements 
throughout said first frequency band, and said first array 
of radiating elements have a gain that is at least 3.0 dB 
less than a gain of said second array of radiating ele- 
ments throughout said second frequency band. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an exploded view of the dual fre- 
quency antenna of the invention; and 
Figures 2-8 show graphs of the measured perform- 
ance of a sixteen-element dual band array. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to Figure 1 , the inventive structure, as de- 
scribed also in EP-A2-0 342 175 and in the later pub- 
lished U.S. Patents Nos. 4,929,959 and 4,926,189, 
comprises five layers. The first layer is a ground plane 

1 . The second layer is a high frequency power divider 

2, with the individual power divider elements disposed 
at a first orientation. The next layer is an array of high 
frequency radiating elements 3. These three layers to- 
gether define the first operating band array B1 , in which 
layers 1 and 3 form the ground plane for the power di- 
vider 2. 

The operating frequency of the array is dictated by 
the dimensions of the radiating elements and the power 
distribution network. The array of high frequency ele- 
ments 3 will have physically smaller radiating slots than 
those us d in the low frequency array. The principal con- 
trolling factor in the resonant fr quency of the slot is the 
outer dimension (radius or side) of the element. This di- 
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mension is inversely proportional to the operating fre- 
quency. As a rule of thumb, for a circularly-shaped ele- 
ment, the diameter is approximately one-half of the op- 
erating wavelength; for a square or rectangularly- 
shaped element, a side (longer side for a rectangle) is 
approximately one-half the operating wavelength. 
Those of working skill in this field will appreciate that the 
actual dimensions may vary somewhat, according to the 
earlier-stated prescriptions. 

The power divider 2 may consist of impedance 
transforming sections at the tee junctions where the 
power split is performed. These transforming sections 
typically are A/4 in length, where X refers to the wave- 
length at the operating frequency. The transformer 
length also will be inversely proportional to the operating 
frequency. 

Disposed above the high frequency elements 3 is a 
low frequency power divider array 4, with the individual 
power divider elements disposed orthogonally with re- 
spect to the elements of the power divider 2. Above the 
low frequency power divider 4 is a second array of radi- 
ating elements 5, these elements 5 being low frequency 
radiating elements. The layers 3-5 together form a sec- 
ond operating band array B2, wherein the layers 3 and 
5 provide the ground plane for the power divider 4. The 
element designs in layers 3 and 5 are designed appro- 
priately to minimize both radiation interaction between 
the lower and upper arrays, and coupling between the 
two power distribution networks. 

As discussed previously, the physical size of the el- 
ements in the layer 5 will determine the operating fre- 
quency. The elements of the low frequency array 5 will 
be larger than those of the high frequency array 3. 
Transformer sections within the low-frequency power di- 
vider network will be longer than those used in the high 
frequency divider, but otherwise the divider networks 
may be very similar in design. 

All of the layers 1-5 may be separated by any suit- 
able dielectric, preferably air, for example by providing 
Nomex honeycomb between the layers. 

The structure depicted in Figure 1 shows the design 
and construction for a dual-band linearly polarized flat- 
plate array. Linear polarization is dictated by the radiat- 
ing elements. Circular polarization may be generated by 
choosing the appropriate elements with perturbation 
segments as described, for example, in EP-A2-0 271 
458. Later published U.S. Patent No. 4,929,959 also 
shows examples of such elements. 

The measured performance of a 16-element dual 
band linear array is depicted in Figures 2-8. For one 
sense of polarization, the band of interest is 11.7-12.2 
GHz, and for the other, orthogonal sense of polarization, 
the band of interest is 14.0-14.5 GHz. Figure 2 shows 
the input return loss for both senses of polarization (in 
each instance, the input match is very good over a broad 
band, as can be seen from the figure). Figure 3 shows 
the corresponding radiation gain for each polarization. 
As shown in the Figure, both senses of polarization ra- 



diate very efficiently and over a broad band, and the ra- 
diation efficiency of each is comparable. 

Figure 4 shows the port-to-port or array network iso- 
lation. The isolation is sufficiently high to ensure that the 

5 two arrays are virtually decoupled, and operate as re- 
quired in an independent manner. Figures 5-8 show a 
corresponding on axis swept cross polarization and ra- 
diation patterns for each frequency band, demonstrating 
the efficiency of the radiating array, and the low radiated 

to cross polarization. 



Claims 

*5 1. A dual polarized printed circuit antenna comprising 
a ground plane (1), a first power divider array (2) 
disposed over and capacitively coupled to said 
ground plane (1 ), a first array of radiating elements 
(3) disposed over and capacitively coupled to said 

20 first power divider array (2), a second power divider 
array (4) disposed over and capacitively coupl d to 
said first array of radiating elements (3), and a sec- 
ond array of radiating elements (5) disposed over 
and capacitively coupled to said second power di- 

25 vider array (4), 

characterized in that said first array of radiating 
elements (3) comprises an array of radiating ele- 
ments having a first size and being so configured 
as to operate within a first frequency band, and said 

30 second array of radiating elements (5) comprises 
an array of radiating elements having a second size 
that is larger than said first size and being so con- 
figured as to operate within a second frequency 
band that is at least 1 GHz lower than said first fre- 

35 quency band, and wherein said second array of ra- 
diating elements have a gain that is at least 3.0 dB 
less than a gain of said first array of radiating ele- 
ments throughout said first frequency band, and 
said first array of radiating elements have a gain that 

40 js at least 3.0 dB less than a gain of said second 
array of radiating elements throughout said second 
frequency band. 

2. An antenna as claimed in claim 1 , wherein said first 
45 and second power divider arrays (2;4) comprise re- 
spective power divider arrays for feeding said first 
and second arrays of radiating elements (3; 5) at 
frequencies within said first and second frequency 
bands, respectively. 

50 

3. An antenna as claimed in claim 1 , wherein said first 
and second power divider arrays (2;4) comprise tee 
junctions and impedance transforming sections, the 
impedance transforming sections of said second 

55 power divider array (4) being longer than the imped- 
ance transforming sections of said first power divid- 
er array (2). 
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4. An antenna as claimed in claim 1 , wherein said first 
frequency band is 1 4.0-1 4.5 GHz, and said second 
frequency band is 11.7-12.2 GHz, J 



Patentanspruche 

1. Zweifachpolarisierte gedruckte Antenne, die fol- 
gendes aufweist: eine Groundplane (1 ), eine erste 
Leistungsteileranordnung (2), die uber der Ground- 10 
plane (1) angeordnet und damit kapazitiv gekoppelt 

ist, eine erste Anordnung von Strahlerelementen 
(3), die uber der ersten Leistungsteileranordnung 
(2) angeordnet und damit kapazitiv gekoppelt ist, ei- 
ne zweite Leistungsteileranordnung (4), die uber 15 
der ersten Anordnung von Strahlerelementen (3) 
angeordnet und damit kapazitiv gekoppelt ist, und 
eine zweite Anordnung von Strahlerelementen (5), 
die uber der zweiten Leistungsteileranordnung (4) 
angeordnet und damit kapazitiv gekoppelt ist, 20 
dadurch gekennzelchnet, daO die erste Anord- 
nung von Strahlerelementen (3) eine Anordnung 
von Strahlerelementen aufweist, die eine erste Gro- 
3e haben und so konfiguriert sind, da3 sie in einem 
ersten Frequenzband wirksam sind, und die zweite 25 
Anordnung von Strahlerelementen (5) eine Anord- 
nung von Strahlerelementen aufweist, die eine 
zweite GroGe haben, die groGer als die erste Grd3e 
ist, und so konfiguriert sind, da3 sie in einem zwei- 
ten Frequenzband wirksam sind, das urn wenig- 30 
stens 1 GHz niedriger als das erste Frequenzband 
ist, und wobei die zweite Anordnung von Strahler- 
elementen einen Antennengewinn hat, der urn we- 
nigstens 3,0 dB niedriger als ein Antennengewinn 
der ersten Anordnung von Strahlerelementen uber 35 
das gesamte erste Frequenzband ist, und wobei die 
erste Anordnung von Strahlerelementen einen An- 
tennengewinn hat, der urn wenigstens 3,0 dB nied- 
riger als ein Antennengewinn der zweiten Anord- 
nung von Strahlerelementen uber das gesamte 40 
zweite Frequenzband ist. 

2. Antenne nach Anspruch 1 , wobei die erste und die 
zweite Leistungsteileranordnung (2; 4) jeweilige 
Leistungsteileranordnungen zur Speisung der er- *s 
sten und der zweiten Anordnung von Strahlerele- 
menten (3; 5) mit Frequenzen innerhalb des ersten 
bzw. des zweiten Frequenzbands aufweisen. 

3. Antenne nach Anspruch 1 , wobei die erste und die so 
zweite Leistungsteileranordnung (2; 4) T-Verbin- 
dungsstellen und Impedanzanpassungsbereiche 
aufweisen, wobei die Impedanzanpassungsberei- 
che d r zweiten Leistungsteileranordnung (4) lan- 
ger als die Impedanzanpassungsbereiche der er- 55 
sten Leistungsteileranordnung (2) sind. 

4. Antenne nach Anspruch 1, wobei das erste Fre- 



quenzband 14,0-14,5 GHz ist und das zweite Fre- 
quenzband 11,7-12,2 GHz ist. 



Revendications 

1. Antenne k circuit imprim§ k double polarisation 
comprenant un plan de base (1 ), un premier r6seau 
diviseur de puissance (2) dispose sur et couple ca- 
pacitivement audit plan de base (1), un premi r r6- 
seau d'6l6ments radiants (3) dispose sur et coupl6 
capacitivement audit premier r6seau diviseur de 
puissance (2), un second r6seau diviseur de puis- 
sance (4) dispose sur et coupl6 capacitivement 
audit premier r6seau d'SISments radiants (3) et un 
second rSseau d'6lements radiants (5) dispose sur 
et coupl6 capacitivement audit second r6seau divi- 
seur de puissance (4), 

caract6ris6 en ce que ledit premier r6seau 
d'6l6ments radiants (3) comprend un r6seau d'6le- 
ments radiants ayant une premiere dimension et 
configure de telle maniere k fonctionner k I'inte- 
rieur d'une premiere bande de frequence, et ledit 
second reseau d'el§ments radiants (5) comprend 
un reseau d'Stements radiants ayant une seconde 
dimension qui est sup§rieure k ladite premiere di- 
mension et configure de telle manfere ki fonction- 
ner k I'interieur d'une. seconde bande de frequence 
qui est inferieure k ladite premiere bande de fre- 
quence d'au moins 1 GHz, et dans lequel ledit se- 
cond reseau d'6l6ments radiants a un gain qui est 
interieur d'au moins 3,0 dB k un gain dudit premier 
reseau d'el£ments radiants & travers ladite premie- 
re bande de frequence, et ledit premier reseau 
determents radiants a un gain qui est interieur d'au 
moins 3,0 dB k un gain dudit second reseau d'ele- 
ments radiants k travers ladite seconde bande de 
frequence. 

2. Antenne selon la revendication 1 , dans laquelle les- 
dits premier et second reseaux diviseurs de puis- 
sance (2 ; 4) comprennent des reseaux diviseurs de 
puissance respectifs pouralimenter lesdits premier 
et second r6seaux d'etements radiants (3 ; 5) k des 
frequences situ£es k I'interieur desdites premiere 
et seconde bandes de frequence, respectivement. 

3. Antenne selon la revendication 1 , dans laquelle les- 
dits premier et second n§seaux diviseurs de puis- 
sance (2 ; 4) comprennent des jonctions en T et des 
sections de transformation d'imp6dance, les sec- 
tions de transformation d'imp6dance dudit second 
reseau diviseur de puissance (4) 6tant plus longues 
que les s ctions de transformation d'imp6dance du- 
dit premier r6seau diviseur de puissance (2). 

4. Antenne selon la revendication 1, dans laquelle la- 
dite premiere bande de frequence est de 14,0 k 
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14,5 GHz et ladite seconde bande de frequence est 
de 11,7 & 12,2 GHz. 
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